Heterotopic ossification (HO) may occur after operations for fractures of the acetabulum and adversely affect the outcome. The total incidence after internal fixation of these fractures is reported to range from 18% to 90%.
Heterotopic ossification (HO) may occur after operations for fractures of the acetabulum and adversely affect the outcome. The total incidence after internal fixation of these fractures is reported to range from 18% to 90%. [1] [2] [3] [4] HO defined as moderate to severe ectopic bone formation leading to a functional impairment of 20% or more has been reported in 7% to 14% of cases. 2, 3, [5] [6] [7] Indomethacin is regarded as effective prophylaxis, based on studies showing a reduction of 30% to 45% in the incidence of clinically significant ectopic bone after operation. 1, 5, 8, 9 These, however, were all non-randomised, retrospective studies using historical control groups. We have assessed the effect of indomethacin in a prospective, randomised trial of patients having operative treatment for acute fractures of the acetabulum.
PATIENTS AND METHODS
Between March 1991 and October 1993 we studied 107 consecutive patients with fractures of the acetabulum. All were treated at a mean of 5.6 days (1 to 18) after the initial injury. They had been randomised into two groups by an odd or even hospital admission number. Those with an even number received indomethacin 100 mg by suppository at the end of the operation and then 25 mg by mouth or rectally three times a day for six weeks. Patients with an odd hospital number received no prophylactic treatment for HO.
There were 61 in the indomethacin group and 46 in the no treatment group. The mean age for the indomethacin group was 40.3 years (17 to 79) and for the no treatment group 45.7 years (18 to 68). The male:female ratio was 2.2:1 and 2.5:1 in the two groups, respectively. The fracture types according to the classification of Letournel and Judet 11 were similar in both groups (Table I) . Age, gender, fracture type and surgical approach did not differ significantly between the two groups.
The operation was performed through either a KocherLangenbeck (KL), an ilioinguinal (II) or an extended iliofemoral (EIF) approach (Table II) . Both groups were then treated similarly and were mobilised on the first or second postoperative day with limited weight-bearing for eight weeks.
Evaluation of HO was made at a mean of 7.9 months (5 to 16) after surgery using two methods. We performed CT of the pelvis with 3 mm cuts in the acetabular region. The volume of HO in cubic centimetres was calculated using a three-dimensional (3-D) reconstruction program (ISG Allegro System Version 5.1.2; ISG Technologics Inc, Mississauga, Canada) by an independent observer who was blind to the treatment protocol. The volumes of HO identified on the CT scan lateral to the ilium and in the pericapsular region of the hip were combined to give the final result. Ossification in the internal iliac fossa or medial to the pelvic brim or quadrilateral surface was not included.
We also evaluated HO on an AP radiograph of the pelvis and classified it as grade 0 (none), grade 1 (minimal) or grade 2 (moderate to severe). We chose this more simple classification as seen on a plain radiograph because we consider that it is accurate and leads to reproducible results. Our grade 2 includes Brooker classes II to IV. 10 The differences between the Brooker classes II to IV are small and do not necessarily indicate an increase in severity of HO since an apparent bony bridge between the pelvis and femur on an anteroposterior radiograph (Brooker class IV) does not necessarily indicate functional impairment or ankylosis. 11 At follow-up, the range of movement (ROM) of the hip was determined and calculated as a percentage of the normal side. Patients with a loss of more than 20% of movement and grade-2 HO were regarded as having clinically significant ossification. The influence of gender, the type of fracture, the presence of a fracture of the posterior wall, the surgical approach, and associated chest, head, or abdominal injury was analysed statistically.
The mean follow-up in the indomethacin group was 7.6 months (5 to 16) and in the no treatment group 8.2 months (5 to 16). Statistical analysis. This was performed by the University of Southern California Statistical Consultation and Research Center (USC SCRC). The chi-squared test was used for comparison of the grading on plain radiographs between the two groups. The Wilcoxon rank-sum test or non-parametric analysis of variance (Kruskal-Wallis test) was used to compare the median volume measurement on CT and HO on plain radiographs. The tests were carried out for each independent variable separately. A non-parametric n-way analysis of variance using all the independent variables was also performed. The Spearman correlation coefficient was used to calculate the relationship between evaluation for HO by CT or on plain radiographs. A power analysis for both methods was then carried out.
RESULTS
Of the 107 patients, 104 were available for follow-up. Plain radiographs and 3-D CT measurements were obtained in 80 (76.9%), clinical examination and plain radiographs alone in 21 (20.2%) and CT and physical examination in three (2.9%).
Of the patients receiving indomethacin 30 (52.6%) did not develop ossification as assessed by plain radiography compared with 19 (43.2%) in the no treatment group (Table III) . Grade-2 ossification was seen in four (7%) of those receiving indomethacin and in one (2.3%) of those without. The differences were not statistically significant (p = 0.26). Two patients (1.9%) developed clinically significant ossification (grade 2) with a loss of hip movement of more than 20% compared with the uninvolved side. Both had received indomethacin and the operation had been by a KL approach (Fig. 1) .
To compare the volumes of HO calculated by 3-D CT we used the median value instead of the mean in both groups, because otherwise the one patient with excessive bone formation with a measured volume of 333 cm 3 (Table III) .
When only patients who had been operated on through a KL or EIF approach were included, the median volume as calculated by 3-D CT for patients receiving indomethacin was 1.7 cm 3 (0 to 333) compared with 3.6 cm 3 (0 to 28.1)
for those without this drug (0.83). On plain radiographs 12 patients (37.5%) receiving indomethacin did not show HO compared with eight (38.1%) not receiving it (Table IV) tested individually for each independent variable, the only factor showing a significant association was male gender (p = 0.03). When all independent variables were included male gender was again the only one which showed significant association (p = 0.002). The type of fracture, the presence of a fracture of the posterior wall, the surgical approach and the presence of head, chest or abdominal injury were not significantly associated when examined individually or as a group. The Spearman correlation coefficient between measurement of HO by CT and on plain radiographs was 0.66 (p = 0.001), indicating a very high correlation between the two methods of evaluation. The power to detect a significant difference in the volume of HO between those on indomethacin and those who were not at the 0.05 level given the data from our study, is 24% for plain radiography and 18% for 3-D CT. To increase the power of the study to 90% would have required 506 patients. Successful prophylaxis can only be defined as absence of HO at follow-up. Using plain radiographs 30 patients in the indomethacin group did not have HO and 27 did. In the no treatment group 19 did not develop HO whereas 25 did (chi-squared test, p = 0.46). Using CT measurements in the indomethacin group 15 patients had no detectable HO whereas 29 did and in the no treatment group 28 had HO and 11 did not (chi-squared test, p = 0.73).
DISCUSSION
It has been our experience that the maximum amount of HO has appeared by three months after injury and that it does not progress thereafter. 6 We therefore decided that five months should be the minimum period for follow-up in this study. Range of movement may increase slightly after this but both our patients with a loss of ROM of more than 20% had been followed up for more than one year. The most common method of evaluation of HO has been measurement of AP radiographs. We do not use the Brooker classification because bone which appears to be bridging may lie anterior or posterior to the hip and may not cause significant loss of movement. The AP radiograph can reliably identify absence of ossification (Brooker class 0), small islands of bone (Brooker class I) or true HO (Brooker classes II to IV). Plain radiographs cannot accurately measure the distance between HO attached to the pelvis and the femur, which is the premise on which the Brooker classification is based.
We used 3-D CT in an attempt to measure a doseresponse relationship between the use of indomethacin and its absence, but do not advocate it as a routine clinical tool or as a basis for a new classification. The high correlation of its demonstration of HO with the appearance on the plain films shows the latter to be adequate for clinical purposes. 3-D CT, however, is superior as a quantitative measure of volume and location.
Consideration of the ROM in the hip is important in grading HO and we described significant HO when ossification was present and movement limited by greater than 20%.
Other studies of ossification after operations for fractures of the acetabulum have not included patients operated on by the ilioinguinal approach 1,2,3,9 since the quantity produced is seldom large and movement is rarely restricted. We felt, however, that the use of 3-D CT in the ilioinguinal approach might indicate a means of evaluating a doseresponse relationship even in the absence of clinical problems. The volume of HO when using this approach was slightly smaller in the indomethacin group, but this difference was not statistically significant. Although there is a slight tendency for a higher median value on CT measurements in patients without prophylaxis, the greater percentage of the patients with indomethacin who had Brooker classes II or more on plain radiographs shows the reverse tendency. The only two patients (1.9%) in whom ossification led to impairment of hip function had received indomethacin. These findings contradict those of two other studies in which indomethacin was reported to decrease ossification of Brooker class II or more from 50% to 5.5%, and from 26% to 5%. 1, 9 Only patients whose operations were carried out through a KL or 'extensile' approach were included in those studies. 1, 2, 3, 9 The most effective decrease of grades III and IV HO from 56% to 6% was reported by Moed and Karges, 8 when only the 35 patients with an extensile approach were included in their study. In our investigation the differences in the occurrence of moderate to severe ossification between the two treatment groups as measured by CT and plain radiographs were even smaller when only patients with a KL or an EIF approach were included (Table IV) . Although the numbers are too small to draw statistical conclusions we could not demonstrate that the use of indomethacin was effective. The discrepancies in the cited studies may be due to nonrandomised selection of the patients, the use of historical control groups and the small numbers of patients. 1, 8, 9 Sacks, Chalmers and Smith 12 showed that studies with historical control groups tend to weigh the outcome in favour of new treatment. Risk factors which are reported to increase the incidence of HO include the male gender, certain pre-existing skeletal affections, head injuries and extensile approaches. 6, 9, 13, 14 Letournel and Judet 11 found the highest rates in their 569 cases when using the EIF (57%) and the double approaches (45.4%). Ossification was seen in 26.3% after the KL approach and in 4.8% with the II approach. They concluded that stripping of the muscles from the external iliac fossa was a major factor in producing ectopic bone as did Chalmers, Gray and Rush. 15 Ghalambor et al 6 in their study of 237 patients found an association between appreciable HO and an EIF approach, T-shaped fractures, combined chest and abdominal injury and two or more intraoperative findings defined by the authors as indicators of the severity of the injury. The male gender and associated head injury did not reach statistically significant levels of correlation. In our investigation only male gender showed a significant association with the volume of HO using a non-parametric analysis of variance. In the largest reported series, which described 849 cases, 11 a slight increase in ectopic bone formation was seen in patients with head injuries with 25.8% compared with 20.9%. Clinically significant HO is seen in between 7% and 14% of patients after surgery for acetabular fractures 2, 3, [5] [6] [7] and it would be worth giving prophylactic treatment against this in patients who have clearly defined risk factors. In our patients, indomethacin has not been shown to be effective although the number of patients is too small to draw a final conclusion. Alternative methods of treatment include lowdose irradiation or the combination of irradiation and indomethacin, 5, 11 but the effectiveness of irradiation is uncertain. were hopeful that this inexpensive, safe and simple treatment would prove itself in a prospective randomised trial but we have, so far, not been able to demonstrate this.
